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1
SUBSTRATE FOR GROWING SINGLE
CRYSTAL DIAMOND LAYER AND METHOD
FOR PRODUCING SINGLE CRYSTAL
DIAMOND SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a substrate for growing a
single crystal diamond layer to produce a single crystal dia-
mond substrate, and a method for producing a single crystal
diamond substrate.

2. Description of the Related Art

Diamond has a wide band gap of 5.47 eV and a very high
dielectric breakdown electric field intensity of 10 MV/cm.
Furthermore, it has the highest thermal conductivity in mate-
rials. Therefore, if this is used for an electronic device, the
device is advantageous as a high output power device. Fur-
thermore, diamond has a high drift mobility and is the most
advantageous as a high speed power device in semiconduc-
tors in comparison of Johnson performance index.

Accordingly, diamond is said to be the ultimate semicon-
ductor suitable for high frequency/high power electronic
devices. Therefore, studies of various kinds of electronic
devices using a single crystal diamond for a substrate has
progressed.

Now, the single crystal diamond substrate for producing a
diamond semiconductor is diamond referred to as Ib type,
which is formed by a high-pressure-high-temperature method
(HPHT), or diamond referred to as Ila type, of which purity is
enhanced.

However, it is difficult to grow in size while the HPHT
method can provide the diamond having high crystallinity.
Therefore, a price of the diamond becomes extremely high
when its size becomes big and consequently, it is difficult to
put into practical use as a substrate for the devices.

Accordingly, a CVD single crystal diamond formed by a
vapor deposition method is also studied to provide a low cost
substrate having a large area.

SUMMARY OF THE INVENTION

Recently, there was reported a homoepitaxial CVD single
crystal diamond that is homoepitaxially grown directly on the
HPHT single crystal diamond base material by the vapor
deposition method (the 20th diamond symposium lecture
summary (2006), pp. 6-7).

However, in this method, since the base material and the
grown single crystal diamond are comprised of the same
material, it is difficult to separate these. Therefore, there are
cost problems since, for example, the base material needs to
be implanted ions in advance and a lengthy wet etching sepa-
ration treatment is needed after growth. Moreover, there is
another problem that crystallinity of the single crystal dia-
mond to be obtained deteriorates to a certain degree due to ion
implantation of the base material.

As an alternative, there was reported a heteroepitaxial
CVD single crystal diamond that is heteroepitaxially grown
by a CVD method on a single crystal iridium film heteroepi-
taxially grown on a single crystal MgO base material (Jpn. J.
Appl. Phys. Vol. 35 (1996), pp. L1072-L1074).

However, in this method, there is a problem that the base
material and the grown single crystal diamond are finely
broken due to stress (sum of internal stress and thermal stress)
generated between the single crystal MgO base material and
the single crystal diamond grown via the single crystal iri-
dium (Ir). Moreover, crystallinity of the single crystal dia-

10

15

20

25

30

35

40

45

50

55

60

2

mond to be obtained does not achieve a satisfactory level
since crystallinity of an available single crystal MgO, which
is the base material, is not sufficient.

The present invention was accomplished in order to solve
the aforementioned problems, and its object is to provide a
substrate for growing a single crystal diamond layer and a
method for producing a single crystal diamond substrate, the
substrate and the method which enable reproducibly produc-
ing a single crystal diamond having uniform and high crys-
tallinity at low cost.

In order to accomplish the above object, the present inven-
tion provides a substrate for growing a single crystal diamond
layer including: at least, a base material made of a single
crystal diamond, and an iridium film or a rhodium film het-
eroepitaxially grown on a side of the base material where the
single crystal diamond layer is to be grown; wherein a periph-
eral end portion of a surface of the base material on the side
where the single crystal diamond layer is to be grown is
chamfered with a curvature radius (r), the curvature radius
satistying (r)=50 um.

In the substrate for growing that includes the iridium film
or the rhodium film heteroepitaxially grown on the base mate-
rial made of a single crystal diamond as described above, the
single crystal diamond layer can be grown with high crystal-
linity by growing it thereon. In addition, since a material of
the base material is the same single crystal diamond as the
single crystal diamond layer, excessive stress due to thermal
expansion is not generated in either the layer to be grown or
the base material. Consequently, even if it has a large area, a
scratch and a break hardly occur in the single crystal diamond
layer and in the base material while the single crystal diamond
layer is grown with high crystallinity. After growing the
single crystal diamond layer, appropriate stress is generated
at the iridium film or the rhodium film so that the iridium film
or the rhodium film functions as a good delaminating layer
and thus a single crystal diamond substrate can be obtained by
easily delaminating the single crystal diamond layer. More-
over, since the base material after delaminating has little
damage such as a scratch, a break and the like, it can be reused
as the base material. When the peripheral end portion of the
surface of the base material on the side where the single
crystal diamond layer is to be grown is chamfered with a
curvature radius (r) and the curvature radius satisfies (r)=50
um, the iridium film, the rhodium film and the single crystal
diamond layer can be surely grown with high crystallinity.

As described above, the substrate for growing a single
crystal diamond layer according to the present invention
enables reproducibly producing the single crystal diamond
substrate having uniform and high crystallinity and having a
large area at low cost.

Inthis case, it is preferable that the base material is circular.

The base material having a circular shape enables more
easily growing the iridium film, the rhodium film and the
single crystal diamond layer with good crystallinity.

In this case, it is preferable that the base material made of
asingle crystal diamond is a high-pressure-high-temperature-
synthesis single crystal diamond or a vapor-deposited single
crystal diamond.

Since this single crystal diamond has good crystallinity, the
iridium film, the rhodium film and the single crystal diamond
layer can be grown on the base material with higher crystal-
linity.

In this case, it is preferable that a thickness of the base
material is not less than 0.03 mm and not more than 15.00
mm.

In this manner, when the thickness of the base material is
not less than 0.03 mm, handling is easy. Moreover, since the
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base material having a thickness of 15.00 mm or less is
relatively easily available, the substrate for growing a single
crystal diamond layer can be easily fabricated at low cost.

In this case, it is preferable that the iridium film or the
rhodium film heteroepitaxially grown is heteroepitaxially
grown on the base material by a sputtering method.

In this manner, when the iridium film or the rhodium film is
heteroepitaxially grown by the sputtering method, it can be
grown at a sufficient growth rate and thereby the substrate for
growing a single crystal diamond layer can be inexpensive
and can be fabricated at higher productivity.

In this case, it is preferable that a thickness of the iridium
film or the rhodium film heteroepitaxially grown is 5 A to 100
pm.

In this manner, when the thickness is 5 A or more crystal-
linity of the film is better. In addition, when the thickness is
100 um or less, the single crystal diamond layer can be surely
grown because stress that is generated between the base mate-
rial and the single crystal diamond layer is small, and the film
can be grown at low cost.

Furthermore, there is provided a method for producing a
single crystal diamond substrate including: growing a single
crystal diamond layer on the substrate for growing a single
crystal diamond layer according to the present invention;
delaminating the grown single crystal diamond layer at a
portion of the iridium film or the rhodium film to produce the
single crystal diamond substrate.

In this manner, use of the substrate for growing a single
crystal diamond layer according to the present invention
enables producing the single crystal diamond substrate hav-
ing good crystallinity and a large area at low cost.

Furthermore, the present invention provides a method for
producing a single crystal diamond substrate by growing a
single crystal diamond layer and delaminating the single
crystal diamond layer, including: growing an iridium film or
a rhodium film on a base material heteroepitaxially, the base
material being made of a single crystal diamond, a peripheral
end portion of a surface of the base material on a side where
the single crystal diamond layer is to be grown being cham-
fered with a curvature radius (r), the curvature radius satisfy-
ing (r)=50 um; growing the single crystal diamond layer on
the iridium film or the rhodium film heteroepitaxially grown;
and then delaminating the grown single crystal diamond layer
ata portion of the iridium film or the rhodium film to produce
the single crystal diamond substrate.

In this manner, when the iridium film or the rhodium film is
heteroepitaxially grown on the base material and a single
crystal diamond layer is grown thereon, the iridium film or the
rhodium film functions as a good delaminating layer, and
thereby the single crystal diamond layer can be easily delami-
nated. Thus, the single crystal diamond substrate can be pro-
duced by using a simple method. In addition, since a material
of'the base material is a single crystal diamond and is the same
as the layer to be grown, excessive stress due to thermal
expansion is not generated in the base material and the grown
layer, and further the layer can be grown with higher crystal-
linity. Since the excessive stress is not generated in the base
material, a break and a scratch hardly occurs and thereby the
base material can have a large area and can be reused. When
the peripheral end portion of the surface of the base material
on the side where the single crystal diamond layer is to be
grown is chamfered with a curvature radius (r) and the cur-
vature radius satisfies (r)z' 50 um, the iridium film, the
rhodium film and the single crystal diamond layer can be
surely grown with good crystallinity.

As described above, the method for producing a single
crystal diamond substrate according to the present invention
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enables producing the single crystal diamond substrate hav-
ing uniform and good crystallinity and having a large area at
low cost.

In this case, it is preferable that a diamond nucleus is
formed by performing a bias treatment on a surface of the
iridium film or the rhodium film heteroepitaxially grown and
the single crystal diamond layer is grown by a microwave
CVD method or a direct-current plasma CVD method on the
surface on which the bias treatment is performed.

In this manner, when the bias treatment is performed to
form the diamond nucleus in advance, the single crystal dia-
mond layer is grown with good crystallinity at a sufficient
growth rate.

As mentioned above, the substrate for growing a single
crystal diamond layer or the method for producing a single
crystal diamond substrate according to the present invention
enables producing the single crystal diamond substrate hav-
ing uniform and good crystallinity and having a large area at
low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic view showing an example of embodi-
ments of the substrate for growing a single crystal diamond
layer according to the present invention; and

FIG. 2 is a flow chart showing an example of embodiments
of the method for producing a single crystal diamond sub-
strate according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an example of embodiments of the substrate
for growing a single crystal diamond layer and the method for
producing a single crystal diamond substrate according to the
present invention will be explained in detail with reference to
the drawings. However the present invention is not restricted
thereto.

FIG. 1is a schematic view showing an example of embodi-
ments of the substrate for growing a single crystal diamond
layer according to the present invention. FIG. 2 is a flow chart
showing an example of embodiments of the method for pro-
ducing a single crystal diamond substrate according to the
present invention.

First, as shown in FIG. 1, the substrate for growing a single
crystal diamond layer according to the present invention is a
substrate 12 that is used for growing the single crystal dia-
mond layer. The substrate 12 comprises the base material 10
that is made of a single crystal diamond and the iridium (Ir)
film or the rhodium (Rh) film 11 heteroepitaxially grown on
the side of the base material 10 where the single crystal
diamond layer is to be grown. The peripheral end portion of
the surface of the base material on the side where the single
crystal diamond layer is to be grown is chamfered with a
curvature radius (r) and the curvature radius satisfies (r)=50
pm.

In the substrate for growing that includes the iridium film
or the rhodium film heteroepitaxially grown on the base mate-
rial made of a single crystal diamond as described above, the
single crystal diamond layer can be grown with good crystal-
linity by growing it on the film. In addition, since a material of
the base material is the same single crystal diamond as the
single crystal diamond layer, excessive stress due to thermal
expansion is not generated either in the layer to be grown or in
the base material. Consequently, a scratch and a break hardly
occur in the single crystal diamond layer and in the base
material while the single crystal diamond layer having a large
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area is grown with good crystallinity. After growing the single
crystal diamond layer, appropriate stress is generated at the
iridium film or the rhodium film so that the iridium film or the
rhodium film functions as a good delaminating layer and thus
a single crystal diamond substrate can be obtained by easily
delaminating the single crystal diamond layer. Moreover,
since the base material after delaminating has little damage
such as a scratch, a break and the like, it can be reused as the
base material. Therefore, production costs of the single crys-
tal diamond substrate can be notably reduced. Furthermore,
when the peripheral end portion of the surface of the base
material on the side where the single crystal diamond layer is
to be grown is chamfered with a curvature radius (r) and the
curvature radius satisfies (r)=50 pm, the iridium film, the
rhodium film and the single crystal diamond layer can be
surely grown with good crystallinity.

As shown in FIG. 1, it is preferable that a shape of the base
material 10 is circular in addition that the peripheral end
portion of the surface of the base material 10 on the side where
the single crystal diamond layer is to be grown is chamfered
with a curvature radius (r) and the curvature radius satisfies
(1)=50 pum.

In many cases, the base material made of a single crystal
diamond normally is polygon-shaped and greatly tapered at
an end portion since a growth rate varies with a crystal ori-
entation in a fabrication stage thereof. This tendency becomes
notable in the case of large-size exceeding 5 mm. In the case
that the base material having the shape described above is
subjected to electric discharge process such as a film-forming
or a pretreatment in a subsequent processing step, it is pos-
sible that sufficient processing effects cannot be achieved
since plasma is unstable and nonuniform. Therefore, the base
material is formed into a circular shape that has high paral-
lelism, that is, that is not tapered. In addition, the peripheral
end portion of a surface of the base material on the side where
the discharge process such as the film-forming or the pretreat-
ment is to be performed is chamfered. The base material
having a circular shape as described above enables more
easily growing the iridium film, the rhodium film and the
single crystal diamond layer with good crystallinity.

The present inventor found as follows. Even though the
base material is made of a single crystal diamond, it is difficult
to grow the iridium film, the rhodium film and the single
crystal diamond layer with good crystallinity on the base
material in which the peripheral end portion of the surface on
the side where the single crystal diamond layer is to be grown
is not chamfered with a curvature radius (r), the curvature
radius satisfying (r)=50 pm. In this case, it is nearly impos-
sible to obtain a desired single crystal diamond substrate
having a large area. Accordingly, the present inventor thought
of chamfering the peripheral end portion of the surface on the
side where the single crystal diamond layer is to be grown
with a curvature radius (r), the curvature radius satistying
(1)=50 pum.

A processing method of the base material 10 is not
restricted in particular. For example, the base material is
shaped by a laser cutting method or a polishing method and its
peripheral end portion is chamfered by a grinding wheel.

In this case, it is preferable that the base material 10 made
of a single crystal diamond is, for example, a high-pressure-
high-temperature-synthesis single crystal diamond or a
vapor-deposited single crystal diamond.

Since this single crystal diamond has good crystallinity, the
single crystal diamond layer can be grown over the base
material with better crystallinity.
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A thickness of the base material 10 is also not restricted in
particular, but it is preferable that the thickness of the base
material is not less than 0.03 mm and not more than 15.00
mm.

In this manner, when the thickness of the base material is
not less than 0.03 mm, handling is easy. Moreover, since the
base material having a thickness of 15.00 mm or less is
relatively easily available, the substrate for growing a single
crystal diamond layer can be easily fabricated at low cost.

In this case, it is preferable that the iridium film or the
rhodium film 11 heteroepitaxially grown is heteroepitaxially
grown on the base material 10 by the sputtering method.

In this manner, when the iridium film or the rhodium film is
heteroepitaxially grown by the sputtering method such asaR.
F. magnetron sputter method, it can be grown at a sufficient
growth rate and thereby the substrate for growing a single
crystal diamond layer can be fabricated at high productivity.

In this case, it is preferable that a thickness of the iridium
film or the rhodium film heteroepitaxially grownis 5 A to 100
pm.

In this manner, when the thickness is 5 A or more crystal-
linity of the film is better. In addition, when the thickness is
100 pum or less, the single crystal diamond layer can be surely
grown because stress that is generated between the base mate-
rial and the single crystal diamond layer is small, and the film
can be grown at low cost. In addition, the foregoing thickness
makes delamination of the single crystal diamond layer after
growing easy.

Hereinafter, the method for producing a single crystal dia-
mond substrate according to the present invention will be
explained as an example of embodiments of fabricating the
substrate for growing a single crystal diamond layer as
described above and producing a single crystal diamond sub-
strate using the substrate for growing a single crystal diamond
layer.

First, as shown in FIG. 2(a), there is prepared, for example,
a high-pressure-high-temperature-synthesis single crystal
diamond or a vapor-deposited single crystal diamond as the
base material 10 made of a single crystal diamond in the
method for producing according to the present invention. The
peripheral end portion of the surface of the base material 10
on the side where the single crystal diamond layer is to be
grown is chamfered in such a manner that the curvature radius
satisfies (r)=50 um.

A shape and the like of the base material 10 is not restricted
in particular. The base material having a circular shape can be
prepared as well as the foregoing base material of the sub-
strate for growing a single crystal diamond layer according to
the present invention. The foregoing regarding the chamfered
shape, the thickness of the base material and the like are also
preferably adopted.

Next, as shown in FIG. 2(b), the substrate for growing a
single crystal diamond layer 12 according to the present
invention is fabricated by heteroepitaxially growing the iri-
dium film or the rhodium film 11 with a thickness of 5 A to
100 um on the base material 10, for example, by using the
sputtering method.

Since the base material is made of a single crystal diamond
and has good crystallinity, the iridium film and the rhodium
film can be grown with good crystallinity thereon. Moreover,
since the base material has a chamfered portion with the
curvature radius of the present invention, treatments and the
growth can be uniformly performed.

Next, as shown in FIG. 2(¢), the single crystal diamond
layer 13 is grown on the iridium film or the rhodium film 11
heteroepitaxially grown.
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Since the material of the base material is the same single
crystal diamond as the layer to be grown, excessive stress is
not generated in the base material and the grown layer even if
thermal expansion occurs. Moreover, since the peripheral end
portion of the surface of the base material on the side where
the single crystal diamond layer is to be grown is chamfered
in such a manner that the curvature radius satisfies (r)=50 pm,
the single crystal diamond layer having a large area can be
grown with good crystallinity.

In this case, it is preferable that the surface of the iridium
film or the rhodium film 11 heteroepitaxially grown is sub-
jected to the bias treatment to form the diamond nucleus in
advance and the single crystal diamond layer 13 is grown by
the microwave CVD method or the direct-current plasma
CVD method on the surface subjected to the bias treatment.

The bias treatment may be a method referred to as the bias
treatment described in Japanese Patent Laid-open (Kokai)
No. 2007-238377. First, a pretreatment for forming the dia-
mond nucleus is performed by a direct-current discharge in
which an electrode of the base material side is a cathode. The
diamond nucleus having a uniform orientation is conse-
quently formed on the surface of the iridium (Ir) film or the
rhodium (Rh) film by the pretreatment and successively the
single crystal diamond is heteroepitaxially grown by the
microwave CVD method or the direct-current plasma CVD
method on the substrate subjected to the bias treatment.

In this manner, when the bias treatment is performed to
form the diamond nucleus in advance, the target single crystal
diamond layer can be grown with good crystallinity at a
sufficient growth rate.

Next, as shown in FIG. 2(d), the grown single crystal
diamond layer 13 is delaminated at the portion of the iridium
film or the rhodium film 11 to produce the single crystal
diamond substrate 14. After growth of the single crystal dia-
mond layer, since the iridium film or the rhodium film is a
good delaminating layer due to the appropriate stress applied
to the film from the layer and the base material, the single
crystal diamond layer can be easily delaminated when it is
taken out from an apparatus for growing the single crystal
diamond layer such as a CVD apparatus.

In the case that an adhesion force remains between the base
material (or the iridium film, the rhodium film) and the single
crystal diamond layer after taking out it from the apparatus,
the layer can be easily delaminated by immersing in pure
water or wet etching solution, such as phosphoric acid solu-
tion and the like.

In this manner, the substrate for growing a single crystal
diamond layer and the method for producing a single crystal
diamond substrate according to the present invention enables
producing the single crystal diamond substrate with high
crystallinity at low cost, the single crystal diamond substrate
which can be used for a device.

On the other hand, the base material after delaminating can
be reused as the base material of a single crystal diamond by
removing the iridium film or the rhodium film and performing
a polishing process to expose a clean surface of the single
crystal diamond of the base material. The cost can be further
reduced by the reuse.

It is to be noted that the case of directly growing the iridium
film or the rhodium film on the base material, and growing the
single crystal diamond layer on the film is explained in the
foregoing substrate for growing a single crystal diamond
layer and the foregoing method for producing a single crystal
diamond substrate according to the present invention. How-
ever, the present invention is not restricted thereto, and any
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other layers, such as a buffer layer, may be grown before
growing the iridium film, the rhodium film or the single
crystal diamond layer.

EXAMPLES

Hereinafter, the present invention will be more specifically
explained by showing Examples and Comparative Examples.
However, the present invention is not restricted thereto.

Example 1

As the base material, there was prepared a rough-polished
HPHT single crystal diamond having a tapered octahedron
shape with approximately a diameter of 7.0 mm, a thickness
of 1.0 mm and an orientation (100). The base material was
shaped into a circular shape with a diameter of 6.0 mm and a
thickness of 0.7 mm without a tapered portion by using the
laser cutting method and the polishing method, and then the
peripheral end portion of the surface on the side where the
diamond was to be formed was chamfered with the curvature
radius (r)=150 um. After that, its upper surface was subjected
to a polishing process to finish with Ra<1 nm.

The Ir film was heteroepitaxially grown on the surface of
the base material on the side where the single crystal diamond
was to be grown, and thereby the substrate for growing a
single crystal diamond layer is fabricated. The film-forming
was completed to sputter in a condition that Ar gas of 6x1072
Torr (8 Pa) and a base material temperature of 700 C.° by the
R. F. magnetron sputter method in which an target is Ir until a
thickness of the single crystal Ir film became 1.5 um.

For the sake of electrical continuity in the bias treatment
and the direct-current plasma CVD, the Ir film having a thick-
ness of 1.5 pm was also grown on a back surface in the same
condition except for making the base material temperature
100 C.°.

Next, the bias treatment was performed for forming the
diamond nucleus on the surface of the single crystal Ir film of
the substrate.

First, the substrate was set on a negative voltage-applying
electrode (cathode) of a bias treatment apparatus, and then
evacuation was performed. Next, after the substrate was
heated to 600 C.°, a hydrogen-diluted methane gas of3 vol. %
was introduced so that pressure became 120 Torr (160 hPa).
Then, the bias treatment was performed. That is, DC voltage
was applied to both the electrodes to apply a prescribed direct
current.

Last, the single crystal diamond was heteroepitaxially
grown at 900 C.° for 30 hours by DC plasma CVD method on
the substrate that is subjected to the bias treatment.

After finishing the growth and making sure that the product
was cooled to room temperature, the atmosphere was intro-
duced into a chamber and a bell jar was opened. In the product
on a positive voltage-applying electrode (anode), a portion of
the single crystal diamond heteroepitaxially grown was sepa-
rated from a portion of the substrate.

The grown single crystal diamond portion was polished so
that the single crystal diamond was finished to have approxi-
mately a diameter of 6.0 mm and a thickness of 150 um, that
is nearly the same size as the substrate.

It was confirmed that the obtained single crystal diamond
had sufficient crystallinity as a result of evaluation by raman
spectroscopy, XRD rocking curve, cross-sectional TEM and
cathodoluminescence (CL).

On the other hand, the substrate was polished to remove the
Ir and to expose a clean surface of a single crystal diamond of
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the base material, and then it was able to be reused as a single
crystal diamond of the base material.

Example 2

Except for making the growth time of the single crystal
diamond 9 hours in the last direct-current plasma CVD
method, the single crystal diamond was produced in a condi-
tion similar to that in Example 1. Then, it was made sure that
the product was cooled to room temperature, the atmosphere
was introduced into the chamber and the bell jar was opened.
Inthis case, a portion of the single crystal diamond heteroepi-
taxially grown and a portion of the substrate were adhered
with a weak force in the product on the anode. Accordingly,
the product was immersed in boiled pure water for 1 hour and
was taken out. As a result, the portion of the single crystal
diamond was able to be separated from the portion of the
substrate. Although there was a portion that the Ir slightly
remained on the surface of the Ir side of the separated single
crystal diamond, it was able to be easily removed by a sub-
sequent polishing process.

The portion of the grown single crystal diamond was pol-
ished so that the single crystal diamond was finished to have
approximately a diameter of 6.0 mm and a thickness of 50 pm,
that is nearly the same size as the substrate.

It was confirmed that the obtained single crystal diamond
had sufficient crystallinity as a result of evaluation by raman
spectroscopy, XRD rocking curve, cross-sectional TEM and
cathodoluminescence (CL).

On the other hand, the substrate was polished to remove the
Irand to expose a clean surface of a single crystal diamond of
the base material, and then it was able to be reused as a single
crystal diamond of the base material.

Comparative Example 1

As the base material, there was prepared a rough-polished
HPHT single crystal diamond having a tapered octahedron
shape with approximately a diameter of 7.0 mm, a thickness
of 1.0 mm and an orientation (100). The surface on the side
where the single crystal diamond was to be grown was sub-
jected to a polishing process to finish with Ra<1 nm. Except
for using this base material (without chamfering), the Ir was
grown, the bias treatment was performed and the single crys-
tal diamond was heteroepitaxially grown by the direct-cur-
rent plasma CVD method thereon as with Example 1.

The discharge was unstable in the bias treatment, a lumi-
nescence portion moved on a corner of the upper portion of
the substrate and there was also luminescence in a space
between a lower portion of the substrate and a stage. Unifor-
mity of the plasma was also low in the upper surface of the
substrate due to the influence of unstableness of the discharge
and thereby sufficient processing effects were not able to be
obtained. After that, the single crystal diamond was het-
eroepitaxially grown by the direct-current plasma CVD
method. The bell jar was opened to observe the product in the
chamber. As a result, the single crystal diamond having a
diameter of about 2 mm at the center of the substrate was
grown, and other portions were polycrystalline diamond. In
this case, there was also observed a large particle, which was
the polycrystalline diamond abnormally grown, at the periph-
eral end portion of the upper surface of the substrate.

Therefore, both of the crystallinity and the productivity
were degraded in comparison with Example 1 and 2, and
consequently the desired single crystal diamond having a
large area was not able to be obtained.
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Comparative Example 2

Except for using a single crystal MgO that was finished by
a single-side polishing process to have a diameter of 6.0 mm,
a thickness of 0.7 mm, an orientation (100) and a chamfered
portion with r=150 pm in the peripheral end portion of its
upper side as the base material, the Ir was grown, the bias
treatment was performed and the single crystal diamond was
heteroepitaxially grown by the direct-current plasma CVD
method thereon as with Example 1. Then, the bell jar was
opened to observe the product in the chamber. As a result,
both of the base material and a portion of the grown single
crystal diamond were broken into fine pieces having an
approximate 1.0 mm square.

One of the pieces of the single crystal diamond was taken
out and its crystallinity was evaluated. As a result, it was
observed that raman full width at half maximum was wide
and a lot of dislocation defects existed in cross-sectional
TEM. Thus, the crystallinity was insufficient level for a
device.

Naturally, the reuse of the single crystal MgO broken into
pieces was impossible.

Example 3 and Comparative Example 3

Except for chamfering the peripheral end portion of the
surface of the base material on the side where the diamond
was to be formed with the curvature radius (r)=30, 40, 50, 60
and 70 pum respectively, the Ir was grown, the bias treatment
was performed and the single crystal diamond was heteroepi-
taxially grown by the direct-current plasma CVD method
thereon as with Example 1. Hereinafter, the result will be
shown in table 1. There was shown by X in the case that a
result was comparable in crystallinity and in diameter of the
obtained single crystal diamond to Comparative Example 1 in
which a chamfering process was not performed. There was
shown by O in the case that the single crystal diamond
substrate having a desired diameter was able to be obtained.

TABLE 1
curvature radius (pum) 30 40 50 60 70
crystal evaluation X X o o o

As shown in table 1, in the base material to which a cham-
fering process was performed with a curvature radius of 30
and 40 pum respectively (Comparative Example 3), the dis-
charge was nonuniform, the growth was insufficient and a
portion of the single crystal diamond that was slightly grown
had low crystallinity. On the other hand, in the base material
to which a chamfering process was performed with a curva-
ture radius of 50, 60 and 70 pm respectively (Example 3), the
single crystal diamond substrate having a desired diameter of
6 mm was able to be obtained. However, in the case of a
curvature radius of 50 um, the crystallinity was inferior in
comparison with the case of a curvature radius of 150 um in
Example 1, and in the case of a curvature radius of 70 pm, the
single crystal diamond substrate having the crystallinity com-
parable to Example 1 was able to be obtained.

Itis to be noted that the present invention is not restricted to
the foregoing embodiment. The embodiment is just an exem-
plification, and any examples that have substantially the same
feature and demonstrate the same functions and effects as
those in the technical concept described in claims of the
present invention are included in the technical scope of the
present invention.
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What is claimed is:

1. A substrate for growing a single crystal diamond layer
comprising: at least, a base material made of a single crystal
diamond, and an iridium film or a rhodium film heteroepi-
taxially grown on a side of the base material where the single
crystal diamond layer is to be grown; wherein a peripheral
end portion of a surface of the base material on the side where
the single crystal diamond layer is to be grown is chamfered
with a curvature radius (r), the curvature radius satisfying 50
ums=(r)<70 pm.

2. The substrate for growing a single crystal diamond layer
according to claim 1, wherein the base material is circular.

3. The substrate for growing a single crystal diamond layer
according to claim 1, wherein the base material made of a
single crystal diamond is a high-pressure-high-temperature-
synthesis single crystal diamond or a vapor-deposited single
crystal diamond.

4. The substrate for growing a single crystal diamond layer
according to claim 1, wherein a thickness of the base material
is not less than 0.03 mm and not more than 15.00 mm.

5. The substrate for growing a single crystal diamond layer
according to claim 2, wherein a thickness of the base material
is not less than 0.03 mm and not more than 15.00 mm.

6. The substrate for growing a single crystal diamond layer
according to claim 3, wherein a thickness of the base material
is not less than 0.03 mm and not more than 15.00 mm.

7. The substrate for growing a single crystal diamond layer
according to claim 1, wherein the iridium film or the rhodium
film heteroepitaxially grown is heteroepitaxially grown on
the base material by a sputtering method.

8. The substrate for growing a single crystal diamond layer
according to claim 1, a thickness of the iridium film or the
rhodium film heteroepitaxially grown is 5 A to 100 um.

9. The substrate for growing a single crystal diamond layer
according to claim 2, a thickness of the iridium film or the
rhodium film heteroepitaxially grown is 5 A to 100 um.

10. The substrate for growing a single crystal diamond
layer according to claim 3, a thickness of the iridium film or
the rhodium film heteroepitaxially grown is 5 A to 100 um.

11. The substrate for growing a single crystal diamond
layer according to claim 4, a thickness of the iridium film or
the rhodium film heteroepitaxially grown is 5 A to 100 um.
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12. The substrate for growing a single crystal diamond
layer according to claim 5, a thickness of the iridium film or
the rhodium film heteroepitaxially grown is 5 A to 100 um.

13. The substrate for growing a single crystal diamond
layer according to claim 6, a thickness of the iridium film or
the rhodium film heteroepitaxially grown is 5 A to 100 um.

14. The substrate for growing a single crystal diamond
layer according to claim 7, a thickness of the iridium film or
the rhodium film heteroepitaxially grown is 5 A to 100 um.

15. A method for producing a single crystal diamond sub-
strate comprising: growing a single crystal diamond layer on
the substrate for growing a single crystal diamond layer
according to claim 1; delaminating the grown single crystal
diamond layer at a portion of the iridium film or the rhodium
film to produce the single crystal diamond substrate.

16. A method for producing a single crystal diamond sub-
strate by growing a single crystal diamond layer and delami-
nating the single crystal diamond layer, comprising:

growing an iridium film or a rhodium film on a base mate-
rial heteroepitaxially, the base material being made of a
single crystal diamond, a peripheral end portion of a
surface of the base material on a side where the single
crystal diamond layer is to be grown being chamfered
with a curvature radius (r), the curvature radius satisfy-
ing 50 um=(r)<70 um;

growing the single crystal diamond layer on the iridium
film or the rhodium film heteroepitaxially grown; and
then

delaminating the grown single crystal diamond layer at a
portion of the iridium film or the rhodium film to pro-
duce the single crystal diamond substrate.

17. The method for producing a single crystal diamond
substrate according to claim 16, wherein a diamond nucleus is
formed by performing a bias treatment on a surface of the
iridium film or the rhodium film heteroepitaxially grown, and
the single crystal diamond layer is grown by a microwave
CVD method or a direct-current plasma CVD method on the
surface on which the bias treatment is performed.
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